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(available at advances.sciencemag.org/cgi/content/full/5/9/eaav9394/DC1) Movie S1 (.mov format). 3D LSFM image of tissue grown on a capillary bridge surface.
Capillary bridges and the Laplace Young-law
Static shapes of liquid surfaces are governed by the Laplace-Young law which states that the pressure difference ∆ across a curved interface is constant and equal to the product of the mean surface curvature, , and the interfacial tension -h) show the experimental data of the tissue surface mean curvature as a function of total volume compared to theoretical predictions obtained from Surface Evolver. Grey curves correspond to the predictions of the liquid interfaces having the same height and radii constraints as measured from the samples used in the experiment; red curves are the corresponding mean values. Tissues treated with Blebbistatin significantly deviate from the theoretical predictions whereas tissues treated with 1ng/ml TGF-β1 behave similar to tissues under normal conditions.
Theory of membrane forces in thin shells applied to capillary bridge surfaces
The membrane theory of thin shells of revolution (43) has been used to calculate the "tensile directions" within the tissue surface. Equilibrium is achieved by balancing in-plane membrane forces and external loads, in this case the pressure. We describe the capillary bridge surface as a thin shell with an axisymmetric surface ( fig. S5 ). To a material point of the shell we assign three geometric quantities: 1) is the radial distance from point P to the symmetry axis, = at the equator; 2) 1 is the radius of curvature of the meridian contour. The curvature is 1 = 1 1 ⁄ for a convex meridian contour (e.g. a spherical shell) and 1 = −1 1 ⁄ for a concave meridian contour (as in fig. S5) 3) 2 is the distance to the symmetry axis normal to the meridian contour; 2 is also the radius of curvature 2 = 1 2 ⁄ .
The thin shell is subjected to a surface pressure which is balanced by in-plane membrane forces, with being the difference between a pressure from inside the surface, and an outside pressure , with = ∆ = ( − ),
We assign to the shell surface the membrane force 1 ⃗⃗⃗⃗ in the meridional direction 1 ⃗⃗⃗ , and 2 ⃗⃗⃗⃗ in the circumferential direction 2 ⃗⃗⃗ . Both quantities are assumed as tensile (i.e. positive) membrane.
The local equilibrium equation on a shell surface element follows as
(1)
For the current shell we have
The global equilibrium equation with respect to the vertical direction yields directly the equation for 1 , if one has a statically determinate system. The accordingly simplest equation appears for the equator, i.e. at = , 2 = since the membrane force 1 acts in the vertical direction, yielding
If we consider a cylindrical shell with radius = and 1 tending to infinity, we have 2 = , as a prominent result of a tube under internal pressure.
We consider now a (nearly quadratic) surface element with the unit vector acting in the meridional direction and the unit vector acting in the circumferential direction. The according membrane forces are 1 and 2 .
We search now for the resultant force (traction vector) acting on a strip with the direction vector and with the normal (in-plane) unit vector (defined in the local , coordinate system), with • = 0.
The components of the resultant force are obtained from continuum mechanics as
Of particular interest is such a direction vector, where the resultant force is orthogonal to or, in other words, is tangential to the strip ∥ , yielding • = 0 with Eq. (5) as 1 1 2 + 2 2 2 = 0.
Since 2 2 = 1 − 1 2 , we find from Eq. (6) the according components of in the , coordinate system as
Obviously 1 and 2 must have different signs to allow real solutions.
The value = | | follows from Eqs. (5) and (7) as
The angle between the meridional direction and can be found by • = | | and neglecting imaginary terms as
Calculating at the equator ( = ) and taking into account that the surfaces have constant mean curvature, = ( 1 + 2 )/2, yields with Eqs. (3) and (4) The tissue medium interface is considered as a thin membrane loaded such that the pressure difference ∆ across the membrane is balanced by in-plane membrane forces 1 and 2 with ∆ = − , and and being the pressure across the membrane surface acting on the outside and inside, respectively. 1 and 2 are the radii of curvature at the meridian contour (black circle) and the radius of curvature along the symmetry axis normal to the meridian contour (dashed circle). (b) Directions of maximum membrane force with respect to the meridional (black curve) and circumferential direction obtained from membrane mechanics in comparison to the actin fibre directions for different capillary bridge surfaces (color-coded according to size). Red and blue curves delineate components of axial ( 1 )-and radial ( 2 ) tensile directions respectively.
Asymptotic directions on hyperboloids and capillary bridge surfaces
The equilibrium surfaces described in fig. S2 can be approximated by hyperboloids that can be constructed from a series of straight lines. Figure S6 shows a selection of locally straight lines on the surface, denoted as asymptotic lines, for a series of hyperboloids of constant height (h=1.25mm) with increasing neck-radius, , (a-f, left in green) compared to capillary bridge surfaces of same dimensions (right in purple). The first row and second rows of images for each neck-radius, , show images of the side-view top-view of these surfaces. The angle, , indicates the angle of these asymptotic lines to the equatorial plane. Figure S7 describes the Method used to quantify the actin fibre angles presented in Fig. 4 . Surfaces of revolution are generated from 2D contour-lines obtained from phase contrast images using a custom code written in Matlab 2015b (as described in Materials and Methods, Section 8). A 2D grid is then projected onto the surface in a region around the neck using Rhino/Grasshopper (44). Next, the asymptotic directions are calculated at each point on the surface and then projected back onto the grid. The actin fibre angles were quantified by performing a fast Fourier transform (FFT) for regions of the maximum projection images obtained from Light Sheet Fluorescence Microscopy (LSFM). The local FFT images were fitted with an ellipse to calculate the local orientation (for more details see [30] ). Finally, the angles of the projected asymptotic lines and fibre angles were compared in each bin of the 2D grid ( fig. S8 ). Figure S9 shows the data for the fibre angle distributions and asymptotic directions for the 4 different capillary surfaces presented in Fig. 4C (left columns) along with the local correlations of fibre angles and asymptotic directions at the center region. Histograms show the evolution of the actin fibre angle distributions for two different capillary bridge sizes (three different samples per size; S1-S3) with a neck-radius of 0.7mm and 1.3mm respectively. Columns correspond to day 5, day 10, day 15, and day 32 respectively. The red curves contour fibre angle distribution.
Quantifying actin fibre angles and asymptotic directions on capillary bridge surfaces
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